4)
The chemistry of sect. Hebe, however, has received relatively limited attention. The early studies of the New Zealand clade were performed as part of a chemotaxonomic survey of iridoids and flavonoids in Veronica and related genera.
5-7)
Later investigations focused mainly on flavonoid chemistry, [8] [9] [10] including a paper-chromatography study of Hebe and Leonohebe 11, 12) and on a LC/MS survey of Heliohebe. 13) In a series of recent studies, Jensen and co-authors reported the isolation of water-soluble compounds (mainly iridoids and phenylethanoids) of 12 species of Veronica from the Southern Hemisphere. [14] [15] [16] [17] The cushion-forming plants of New Zealand Veronica, formerly classified as Chionohebe, are found in high-elevation habitats of the South Island. Molecular studies 18, 19) show that they form a well-defined clade of four species: Veronica chionohebe Garn.-Jones, Veronica ciliolata (Hook. f.) Cheeseman with two subspecies (var. according to Meudt and Bayly 19) ),
Veronica pulvinaris (Hook. f.) Cheeseman, and Veronica thomsonii (Buchanan) Cheeseman.
Another species, Veronica densifolia (F. Muell.) F. Muell., formerly included in Chionohebe, was shown to be distinct from these four species.
In this paper the isolation and structural elucidation of the water-soluble compounds of V.
pulvinaris and V. thomsonii are reported. The evolutionary trends and phylogenetic implications of these new data are discussed. We will report elsewhere on our wider chemotaxonomic investigations in the group.
Results and discussion
Plant material was extracted with cold ethanol and the water-soluble part of the extract was subjected to a series of chromatographic procedures. The isolated compounds were identified by NMR spectroscopy including those of the sugar fraction, for which the composition was deduced by interpretation of the 13 C NMR data.
A total of 33 compounds were isolated and identified in the present work. These comprised one sugar alcohol, mannitol (1), nine iridoid glucosides (2-4 and 4a-4f), 6'-feruloyl-sucrose (27) and 22 esters of phenylethanoid glycoside (5-26) ( Table 1) . For the latter we use the generic term CPG (caffeoyl phenylethanoid glycoside) despite the fact that in some cases caffeic acid was replaced with ferulic acid. Fourteen of the isolated CPGs had not been previously reported, while eight were known. Aragoside (5) has been isolated from Aragoa cundinamarcensis Fern. Alonso, 20) persicoside (12) from Veronica persica Poir., 21) two unnamed CPGs (14 and 25) and isopersicoside (23) from another collection of V. persica, 22) one more unnamed CPG (22) from V. undulata Wall., 23) ehrenoside (16) from V. bellidioides L., 24) and lagotoside (17) from Lagotis stolonifera Maxim. 25) Since the above three unnamed
CPGs are analogues of the series of compounds isolated in the present work, we have termed them chionosides or isochionosides for systematic reasons.
Chionoside A (6) was obtained as a colourless glass with the molecular formula C 35 C NMR spectral data of 6 (Table 2) were very similar to those of aragoside (5) 20) which is a 3,4-dihydroxy-phenylethyl glucoside esterified with a caffeoyl group at C-4' as well as -arabinopyranosyl and -glucopyranosyl groups at C-2' and C-3', respectively. A comparison of the showed the position of the acyl moiety. Therefore, 6 was the feruloyl analogue of aragoside
5.
Compound 7 was crystalline with mp 155-158 °C and with the molecular formula (Table 2) were assigned as above. The (12) from V. persica 21) showed near identity (within 0.2 ppm) for the signals of the ester part and for the three sugar residues. The 1 H NMR spectrum (Table 3 ) could be partly assigned by the gCOSY spectrum; it was also very similar to that of 12, and consequently, we could determine the structure of 13 to be 4-O-methyl persicoside.
Chionoside I (15) which exhibits such a pair of unusually low field signals for C-3' and C-2''.
Comparison of the NMR spectral data showed satisfactory similarity, allowing for the different solvent (pyridine-d 5 ) used by Li et al.
27)
The HMBC spectrum was consistent with the structure given, including a correlation between H-6' ( H 4.33) and CO'''' of the caffeoyl residue ( C 169.1). The structure of 18 was therefore the iso-form: 2''-O-glucosyl-substituted plantainoside D, a compound reported from Plantago asiatica L. 28) We have named the compound isochionoside J. 29) have demonstrated that the 13 C NMR spectra of diastereomeric glucosides of chiral secondary alcohols are so different that they can be used to determine the absolute configuration of the aglucones.
Consequently, it is possible to determine the absolute configuration of one sugar moiety in an oligosaccharide if that of the other sugars are known, simply by comparing the 1D 13 C NMR spectra with those of known analogues. An example of this is seen when comparing the spectra of the two iridoid glucosides 8-epiloganic acid and 1,5,9-epideoxy loganic acid. 30) These two are -D-glucopyranosides with a pair of enantiomeric aglucones and the shift differences between the two carbons forming the linkage are significant (ca. 4 ppm). In the original report 20) on aragoside (5), the absolute stereochemistry of the sugars was not directly determined; however, the 13 C NMR data were compared to those of persicoside 21) Based on their morphology alone, cushion-forming species of Veronica are difficult to distinguish from each other. The widely used classification of snow hebes in Flora of New Zealand (as Pygmea) 32) was based on leaf trichomes, which show significant interspecific and intraspecific variations. [18] [19] The DNA sequence data and AFLP analyses show well-defined lineages within the group. 19) The chemical profile of V. thomsonii is distinct from V.
pulvinaris (Table 1 
14-17)
The iridoid composition of snow hebes is very similar to those reported from the Northern Hemisphere montane to alpine species of Veronica subg. Veronica. In particular, mussaenoside (2) has not been found outside subg. Veronica and the snow hebes of sect. Hebe, and 6-O-catalpol esters with cinnamic acid derivatives, feruloylcatalpol and minecoside (4e and 4f) are also common in these groups. The snow hebe clade diverges from a relatively basal node within V. sect. Hebe 33) and thus similarities with subg. Veronica could be interpreted as ancestral for genus Veronica, or it might have been derived independently in the two lineages in response to alpine environments. When comparing with other southern lineages that are attached to nodes more basal than the snow hebes, 33) we find a different chemical composition in V.
cupressoides, 16) and this may support convergent or parallel evolution of this specific chemical profile in these alpine groups.
In conclusion, our results show that Veronica sect. Hebe has a considerable chemical diversity that might parallel its morphological diversity. Chemical profiles, especially from iridoid and phenylethanoid glycosides, may provide valuable data in the search for informative monophyletic groupings that could be given taxonomic recognition at subsection rank.
Experimental
General Procedures Two HPLC systems were used, Agilent 1100 Series LC System Isolation The fresh plant material of V. pulvinaris (Black Birch Range) (300 g) gave 9. The known compounds were identified by NMR and compared with published data: mannitol and iridoids 1-4 with authentic samples; veronicoside (4a); 34) verproside (4b); 35) amphicoside (4c); 36) verminoside and minecoside (4d and 4f); 37) feruloylcatalpol (4e); 38) 6'-Oferuloylsucrose (27 Table 4 . 829.2772); NMR data in Table 4 . 
